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Mr. Frank Protiva, PE
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10 W. Dale Avenue
Flagstaff, AZ 86001

Dale and Frank,

Enclosed, please find the Drainage report for the proposed Unit IX of the Greenehaven
Lake View Properties near Page, AZ. The report follows the format outlined in the City of
Flagstaff Stormwater Management Design Manual. The developers requested that the
drainage structures be designed oversized to keep maintenance costs lower for the
homeowner’s association that maintains the subdivision. Thank you for your review of the
report and please feel free to contact me at 435-689-0155 if you have any questions or
require any additional information.

fg

an Thebeau, PE
cc: Mr. Carl Bixler, Greenehaven Development Corp.

Sincerely,
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INTRODUCTION

This drainage report addresses the existing and proposed drainage features of the
Greenehaven Subdivision located near the Arizona/Utah border north of Page, Arizona.
The subdivision overlooks Lake Powell and is on the east side of U.S. Highway 89. The
subdivision consists of Units 1 — 6 which are developed and the proposed Units 7,8&9. The
site consists of sandy silts with some sandstone ledges exposed. The property slopes
generally to the northeast with slopes of 10%+ near the top and slopes about 4% near the
property boundaries on the north and east. The architectural committee is responsible for
reviewing all plans for construction and the covenants state that the drainage from each lot
after construction has to be the same as the predevelopment drainage. The subdivision has
been maintained with vegetation close to the native species that occur on the property in
most cases. Precipitation for the project is about 10 — 12” per year and most of the
precipitation occurs during the summer “monsoon” season. Site inspections revealed some
gullies that drain and flatten out to as they flow to the north-east. There is one major
channel through this unit. It flows from the nearby highway, located to the south-east, and
flow through the unit and exits to the north-east. Any flows from the subdivision would
flow across the lands of the Glen Canyon National Recreation Area and into Lake Powell.
The soil has a high percolation rate of 1 to 10 minutes per inch through most of the
subdivision.

Figure 1, Appendix A is a location and drainage areas map and Figure 2, Appendix A
shows the proposed new Unit 9. Figure 3, Appendix A is the legal description for Units 9.

OBJECTIVES & PROCEEDURES

The purpose of this report is to show the predevelopment and post development flows
expected at the project with the additions of the proposed and future units and to check the
design of the drainage structures. The drainage study is done in compliance with the City
of Flagstaff Stormwater Management Design Manual although the streets and drainage
structures will be owned and maintained by the Greenehaven Homeowner’s Association.

The SCS TR-55 tabular method was used to develop the hydrographs for the flows in the
proposed subdivision. After the flows were determined, the maximum flows in each
subarea were used to design the drainage structures and culverts. In order to simplify the
drainage calculations, larger structures were used. To check the adequacy of the drainage
structures, the lowest and highest slopes in each subarea were determined and used to
check the capacity of the drainage feature. This allowed us to show that the maximum
flows could be handled at the lowest slopes and that the velocities in the higher sloped areas
were within tolerances. All flows in the drainage structures were checked by using
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hydraulic engineering calculations in the software package furnished by Autodesk’s Civil
Series Hydrology Calculator.

The proposed development consists of nine lots and 4 drainage tracts accessed by an
asphalted road approximately 1500 feet in length. The asphalt road will have an asphalted
surface width of 22 feet. The asphalt road will be the only increase in runoff from the
proposed development. The pre-development flow is calculated at 234.96 cubit feet per
second (cfs) and the post development flow of 235.92 cfs. This is a change of less than 1 cfs
and 0.4% increase of the total flow. This small volume of flow retention could not feasibly
be done when compared to the total runoff flow rate. Therefore, it is the recommendation
of Thebeau Consulting, Inc to not install a detention pond on this project and allow the
0.4% increase in runoff flow.

It was the owner’s intention to design drainage structures that are oversized based on the
actual results of the hydraulic calculations. The roads and drainage features are intended
to remain as property of the homeowner’s association and will be maintained as such. This
design will provide features that are aesthetically pleasing and easy to maintain.
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TR-55 Tabular Hydrograph method
Input Summary

Description ......cvvevrennrinn..

AREA 1
Rainfall Distribution ........... Type II
Ia/P Interpolation .............. off
Total Area ......vviiiiiinennnnn. 1402.3270 ac
Peak Time .......iiviirennnennnns 780.0000 min
Peak FTOW ....viiiiiiiineiieeennn 227.7945 cfs

Subarea D/S Subareas Area CN TC Tt Rainfall
Description (ac) (min) (min) ¢in)
1A 1B 1322.3002 67 64.1559 30.1414 2.5500
1B 80.0268 67 38.6935 5.9722 2.5500
Support Data:
Subarea Name: 1A, Row: 1
Sheet Flow
Description ........ivvivienannnn-
Manning's n ..., i 0.1300
Flow Length ...........covivvnnn. 300.0000 ft
Two Yr, 24 hr Rainfall .......... 1.0100 1in
Land STope .......coiiiiiiinnnnns 0.0289 ft/ft
Computed Sheet flow time ....... oo rnnennnn > 32.3282 min
Shallow Concentrated Flow
DESCripLion ... iveiinnnnenns
SUrface ....iiiiiii it i Unpaved
Flow Length ........ B e 5979.0592 ft
wWatercourse STope ....... . vuuun. 0.0577 ft/ft
VEeloCitY wuiirir i iiiniinnnnns 3.8756 fps
Computed Shallow flow time .......covivineeennnn > 25.7121 min
Channel Flow
DesScription ...........ivvevvvnnnn
FIOW Ara . .cvviieinnnnnrnennnens 30.0000 ft2
Wetted Perimeter ................ 16.6600 ft
Flow Length ........... . ccvvuun.. 6581.3620 ft
Channel STope .......civvvenvnn.. 0.0266 ft/ft
ManNNing's N ... iirerees 0.0200
Hydraulic radius ................ 1.8007 ft
VeToCTtY wiiiii ittt i v i 17.9361 fps
Computed Channel flow time ...........ccviuuen.. > 6.1156 min
AR R L R R R R R R R R R R R R )
Total Time of Concentration .........cvieeimrnnneennn > 64.1559 min
LR R R R R R R R T o R TR R TR
shallow Concentrated Flow
Description .........c.vvirnrnn.
SUPTaCE . i i i e e Unpaved
Flow Length ............c.cccuu..n 6035.6622 ft
watercourse Slope ............... 0.0577 ft/ft



VETOCTEY v vviniv it e e iirer s 3.8756 fps

Computed ShalTlow flow time .......... . ciiiuurnnn > 25.9556 min
Channel Flow

Description .........viiiiirrnnns

FIOW Area ...vitiiiiniinnrennsnns 30.0000 ft2

Wetted Perimeter ................ 16.6600 ft

Flow Length ...................:. 6634.3806 ft

Channel S]ope ................... 0.0577 ft/ft

ManNing's N .....coeeevinvrnnnnn 0.0200

Hydrau 1c rad1us ................ 1.8007 ft

A o T ol I oY 26.4164 fps

Computed Channel flow time ........ccvvivrinninn > 4.1858 min
I I T ey
Total Time of Travel .......iiiiiiiiinirnrinnnreensns > 30.1414 min
B R R L

Subarea Name: 1B, Row: 2

Sheet Flow

Descr1pt1on .....................

Manning's N .......iiiiinrnnrnnn. 0.1300

Flow Length ...........cccovvnunn 300.0000 ft

Two Yr, 24 hr Rainfall .......... 1.0100 1in

Land STope ...t iiiii it 0.0280 ft/ft

Computed Sheet flow time ........cccvviiiiennnnns > 32.7399 min
Shallow Concentrated Flow

Description ........... . ciivunn.

SUrface . .....iiii i Unpaved

Flow Length ..............cc0v.ns 1007.6533 ft

watercourse Slope ............... 0.0596 ft/ft

VETOCTtY v vinriiienr it i innnnnnns 3.9389 fps

Computed Shallow flow time ...........¢c¢vevvuenn. > 4.2636 min
Channel Flow

Description .........cciviiuinnnnn.

FIOW AFBa . ivviviiiineeenrernneen 30.0000 ft2

Wetted Perimeter ................ 16.6600 ft

Flow Length ........¢c¢iiiiinnn.. 2144.9973 ft

Channel s1ope ................... 0.0370 ft/ft

Manning's N ... everrnnnns 0.0200

Hydrau 1c rad1us ................ 1.8007 ft

VeloCity «.vii i iiiiieei e nns 21.1537 fps

Computed Channel flow time ........oviiivernnnnn > 1.6900 min
R R R R R R R T o R R
Total Time of Concentration ...........cvvvevinnrennnn > 38.6935 min
LR R R T o T R TR R R R R R R R R
Shallow Concentrated Flow

Description ..........cieevvvnnnn.

Surface ......ciiiiiiiiie i Unpaved

Flow Length ...........ciivnnnn. 1021.5598 Tt

watercourse Slope ....c.vviinrnnen. 0.0596 ft/ft

VeTloCTtY « i ieii it iineeeiinnnas 3.9389 fps

> 4.3225 min



channel Flow

Description .........vivieirnnnns

Flow Area ......cievvenenninnnnn. 30.0000 ft2

wetted Perimeter ................ 16.0000 ft

Flow Length ........c.civviinnnn. 2151.0654 ft

Channel Slope ... ..cvvvvervnnnns 0.0370 ft/ft
Manning's N ...t inninnnnn 0.0200

Hydraulic radius ................ 1.8750 ft

A= o T ot s 21.7315 fps

Computed Channel flow time ..........c¢cvvivirnnn. > 1.6497 min

TR R R R R R R o R
Total Time of Trave]l ....ver it ietenennnnrrcneennnns > 5.9722 min

FHE N AT T AL A EE ST 5 LN



Graphical peak Discharge method

Given Input Data:

Description ........ociiiiinnnnns AREA 2

Rainfall distribution ........... Type II

Frequency ......oeevesnnesunnanns 1 year

Rainfall, P (24-hours) .......... 2.5500 1in

Drainage area .......eeeeeivnnnns 9.2140 ac

Runoff curve number, CN ......... 67

Time of concentration, Tc ....... 27.5176 min

Pond and Swamp Areas ............ 0.0000 % of Area
Computed Results:

Initial abstraction, Ia ......... 0.9851 1in

- 17 0.3863

uUnit peak discharge, qu ......... 377.2989 csm/in

RUNOTT, Q vovenriiiiincenennnnans 0.3773 1n

Pond and swamp adjustment, Fp ... 1.0000

Peak discharge, gp .....ciciuunnn 2.0496 cfs
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Graphical peak Discharge method

Given Input Data:

Description ........v.uu..
Rainfall distribution ....
Fregquency .....oeeceneenons
Rainfall, P (24-hours) ...
Drainage area ............
Runoff curve number, CN ..

Time of concentration, TcC

Pond and Swamp Areas .....

Computed Results: _
Initial abstraction, Ia ..

Ta/P rv it iereeenniinnans
Unit peak discharge, qu ..
Runoff, Q@ ..ovvvvvnennnn..

Pond and swamp adjustment,
peak discharge, gp .......

....... 27.5063 min
....... 0.0000 % of Area

....... 0.9851 1in
....... 0.3863

....... 377.3856 csm/in
....... 0.3773 1in

Fp ... 1.0000

....... 1.7080 cfs

11



Graphical Peak Discharge method

Given Input Data:

DeSCription v iiiinen s AREA 4 - PREDEVLEOPMENT

Rainfall distribution ........... Type II

Frequency .....voveerrinnnnanenns 1 year

Rainfall, P (24-hours) .......... 2.5500 in

Drainage area .......eveuveevennes 13.0800 ac

Runoff curve number, CN ......... 67

Time of concentration, Tc ....... 20.6556 min

Pond and Swamp Areas ............ 0.0000 % of Area
Computed Results:

Initial abstraction, Ia ......... 0.9851 1in

I = 0.3863

Unit peak discharge, qu ......... 441.9039 csm/in

RUNOTTF, Q@ ..vin it iiiiee i 0.3773 1in

Pond and swamp adjustment, Fp ... 1.0000

pPeak discharge, gp .............. 3.4078 cfs
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Graphical Peak Discharge method

Given Input Data:

Description .....uuiviiiennnnnnn AREA 4 - POST DEVELOPMENT

Rainfall distribution ........... Type II

Frequency ......ooivrinrrnnnneens 1 year

Rainfall, P (24-hours) .......... 2.5500 1in

Drainage area .......eeiveuvueenn. 13.0800 ac

Runoff curve number, CN ......... 69

Time of concentration, TC ....... 20.6556 min

Pond and Swamp Areas ............ 0.0000 % of Area
Computed Results:

Initial abstraction, Ia ......... 0.8986 1in

1= 17 0.3524

Unit peak discharge, qu ......... 481.7156 csm/in

RUNOTT, Q tvniiii i i ees, 0.4439 1in

pond and swamp adjustment, Fp ... 1.0000

peak discharge, qp .............. 4.3700 cfs

13
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FREQUENCY ESTIMATES
FROM NOAA ATLAS 14
Arizona 36.9803 N 111.5703 W 4196 fect
from "Precipitation-Froquency Atlas of the Unifed Siates” NOAA Aflas 14, Volume L, Version 3

GM. Bommin, D. Tadd, B. Lin, T. Parzybok, M.Yekta, and D. Riley
NOAA, National Weather Service, Sitver Spring, Maryland, 2003

Exiracted: Fri Feb 24 2006
Precipitation Frequency Estimates (in ches) I

ARI*51015306012036122448471020304560
(years)|| min || min || mi in | min || min|| h hr {| br J| hr || hr || day day || d day jlday||day||day

in (| min r r ay
| 2_[P14 217026 Jjo3s |jo.s3 Jlos1 ]jo.57 Jfo.66 Jfo-82 J[1.o1 [[1.11 J[1.24 ][1.38 |1 .45 1184 |2-16][2.57]2.85
5 _Jo20]fo31 11038 Jjo.51 Jfo.64 Jfo.71 Jjo.77 Jjo.87 [[.06 1232 |[1.46 J[1.62 J[1.80 J[1.97 1242 12.81][3.32]3.73]
10_]lo.26 Jjo-40 Jo-49 066 Jjos2 [o.90 Jio.05 [11.04 J[1.25 11.58 [1.76 ][1.95 | 2.15 ][235 238 |[3.31]5.92][4 38
|25 Jjo.36 Jfo.55 Jfo68 Jjoo1 113 [li.21 124 132154 |94 217 Hz.ss‘llzjs?lﬁlﬁ”@ 4.72][5.27
0.69 1086 J11.16 |[1.43 |[1.50 |[1-51 |[1.55 [[1.77 .24 |22 1275 |5.04 |5.32 J4.05 J[a54][5.34][5.96
1.85

[ 100 jfo57 ]jo.86 |[07 1.4 1.7 [1.85 |[1.86 |[1.90 |[z.02 |[2.55 |[2.91 J3.15 |[5.48 |3.77 460 |5.10 6.00][6.67
[ 200 Jo.71]j.08 |[1.33 |IL.80 |22 228 1231 |[2.33 Jo.a4 [o 88 3.32 |[3.58 [3.94 [[4.26 [5.16 |[5.67 l6.66[7.39]
500

| _500_{l0.94 []1.43 |[1.77 |38 |[2.94 2.98 |[3.01][3.03 [[3.12 |41 |3.91 |[+.18 14.60 J[4.95 [[5.96 |[6.46][7.57 [8.38]
1000 jj1.15 |11.75 ||2.17 [2.93 [3.62 |[5.64 |[5.67 .69 |5.76 11384 Jl4.41 ]ja.69 ][5.14 |[5.50 |[6.55 |[7.07]8.27][5.14]

POINT PRECIPITATION f@

[3¥]

R —

* These precipilation frequency esfimates are basad on a periial duration series. ARI is the Average Recurence Inferval.,
Please refer o the documeniation for mare infarmation. NOTE: Formalting forces esfimates near zero (o appear as zero.

Figure - Rainfall Data 14



A

v

15

Figure - Drainage Areas Map
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HYDRAULICS
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Culvert calculator
Entered Data:

ShaEe ........................... Circular
Number of Barrels ..,....... . " 2
solving for ..... . . ... . . Headwater
Chart Number ... ... . 't 2
Scale Number ...... . ... .. /1" 3
Chart Description ............... CORRUGATED METAL PIPE CULVERT
scale becsription ....... .. 7" PIPE PROJECTING FROM FILL
Overtopping .................." off
Flowrate ........, . ... ... 228.0000 cfs
Manning's n ........... ... 7" 0.0240
Roadway Elevation ........... . " 4013.8344 ft
Inlet Elevation ........ ... " 3997.8480 ft
outlet Elevation .......... . " 3992.0000 ft
Diameter .......... . ... . .7" 3.5000 ft
Length ............ ... ... .. 126.0000 ft
Entrance Loss .............. . ... 0.0000
Tailwater ....... ... ... . """ 1.0000 ft
Computed Results:
Headwater ................. .. .. .. 4007.4207 ft Inlet control
Slope ....... ... ... .ol 0.0464 ft/ft
velocity ......... ... ... 0 13.9118 fps
Messages:

Inlet head > outlet head.
Computing Inlet Control headwater.
Solving Inlet Equation 26,

Solving Inlet Equation 28.
Headwater: 4007.4207 ft

DIS- HEAD- INLET OUTLET
CHARGE WATER CONTROL CONTROL FLOW NORMAL CRITICAL OUTLET TAILWATER
Flow ELEV. DEPTH DEPTH TYPE DEPTH  DEPTH VEL. DEPTH VEL. DEPTH
cfs ft ft ft ft ft fps ft fps ft
25.00 4000.09 2.24 0.00 NA 1.10 1.54 9.70 1.10 0.00

1.00
50.00 4001.48 3.63 0.00 nNa 1.59 2.21 11.72 1.59 0.00

1.00
75.00 4003.02 5.17 0.89 nNa 2.03 2.71 12.95 2.03 0.00

1.00

108.00 4005.63 7.78 2.98 Na 2.48 3.07 13.71 2.48 0.00

1.0

1125.00 4008.99 11.14 6.12 NA 3.50 3.50 12.99 3.50 0.00

.00

180.00 4013.10 15.25 9.84 Na 3.50 3.50 15.59 3.50 -0.00

1.00

17



Culvert calculator
Entered Data:

Shape .. ittt e et e, Circular
Number of Barrels ............... 1
Solving for ........coiviiiinnn. Headwater
Chart Number .................... 2
Scale Number .........coovivuun.. 3
Chart Description ..........vvun. CORRUGATED METAL PIPE CULVERT
Scale Decsription ............... PIPE PROJECTING FROM FILL
OVertopping +..vvvvenennreeennenn off
Flowrate .....iiiiniiiinnnnnennnn 2.0500 cfs
Manning's N ...viivieinenninennn 0.0240
Roadway Elevation ............... 4015.3316 ft
Inlet Elevation ................. 4012.0000 ft
outlet Elevation ................ 4002.0000 ft
Diameter .v.uirr e int e 1.5000 ft
Length ..ot iiinia 105.5258 ft
Entrance LOSS .....cviirvvurnrnnnn 0.0000
Tailwater .......ciiiiininnnne. 0.2500 ft
Computed Results:
Headwater .........ccviniinennnnnn 4012.7150 ft Inlet Control
o o1 0.0948 ft/ft
VeloCTityY tvviiiii it i 6.6395 fps
Messages:

Inlet head > outlet head.
Computing Inlet Control headwater.
Solving Intet Equation 26.

Solving Inlet Equation 28.
Headwater: 4012.7150 ft

DIS- HEAD- INLET OUTLET
CHARGE WATER CONTROL CONTROL FLOW NORMAL CRITICAL
Flow ELEV. DEPTH DEPTH TYPE DEPTH DEPTH
cfs ft ft ft ft ft

OUTLET
VEL. DEPTH
fps ft

TAILWATER
VEL. DEPTH
fps ft

18
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SUMMARY & CONCLUSIONS

The Greenehaven Subdivision has been designed to blend in with the existing topography
and features of the desert landscape overlooking Lone Rock Bay on Lake Powell. As
demonstrated by the results of the drainage study, the development will not affect the
drainage in the area significantly. The study shows that the time of concentration for each
subarea changes very slightly and the post development flows actually decrease in most
cases. Road ditches, drainage structures and culverts have been designed to carry the
design flows easily and allow for a safety factor for the desert storms that occur in the area.

19
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UNIT 9 — PRELIMINARY
LEGAL DESCRIPTION

LOCATED IN THE SOUTHEAST 1/4 OF SECTION 32, WITHIN
TOWNSHIP 42 NORTH, RANGE 8 EAST OF THE GILA AND SALT
RIVER BASE MERIDIAN.

BEGINNING AT THE SOUTH-EAST QUARTER CORNER (BRASS CAP)
OF SECTION 32 (N10+21.67, E62+73.25), KNOWN AS THE POINT
OF BEGINNING.

THENCE; 1157.04 FEET AT NOO'11'44"W TO A POINT,
THENCE; 69.68 FEET AT S34°09°45"W TO A POINT,
THENCE; 182.34 FEET AT S61°16'58"W TO A POINT,
THENCE; 307.42 FEET AT S42°49°53"W TO A POINT
THENCE; 321.18 FEET AT S66°42'27"W TO A POINT,
THENCE; 95.13 FEET AT N86'59'13"E TO A POINT,
THENCE; 148.28 FEET AT S37°05'49"E TO A POINT,
THENCE; 549.72 FEET AT SO00°03'22"E TO A POINT,
THENCE; 890.90 FEET AT NB89°45'50"E TO THE POINT
OF BEGINNING

AREA CONTAINS APPROXIMATELY 734,849.93 SQUARE FEET OR
16.87 ACRES, MORE OR LESS.

1 OF 1

fsveson, G GREENEHAVEN, AZ

{B01)689-0155
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